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[57] ABSTRACT 

A laser beam comprising at least two different wave- 
length components is directed to be incident upon an 
acousto-optical modulator which is excited with acous- 
tical waves having selected acoustic frequency to opti- 
cal wavelength relationships such that collinear modu- 
lated light beams are transmitted. The system is further 
arranged such that the modulator functions optically in 
a video bandpass filter mode, to diffract the collinear 
color components at maximum intensity and substan- 
tially free from mutual interference. Systems are also 
disclosed in which the thus modulated beam is scanned 
and display energy is directed for maximum light output 
efficiency. 

37 Claims, 9 Drawing Figures 
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Min ti m?*M»«nmir awm> im .,n,,A nm « chrominant light beam in such fashion that collinear 

MULH-BEAM MOD^TOR^ hffiTHOD FOR multi-chrominant modulated beams are transmitted. A 

UKAM ul5rLAYS laser beam containing at least two color components is 

BACKGROUND OF THE INVENTION directed at an optically transparent acoustooptical mod- 

1 Bi.MAfA.r ^ 5 ulator » whos e index of refraction varies in accordance 

l. Fidd of the Invention with acoustic pressure waves generated by coupled 

JSXLZ^Z**?" t0 .H y8 f n8 ^\r^ f ° r ^ sd °^- The transducers^ 

modulabng and scanning muln^hrominant light beams, neously or in time multiplex fashion at selected carrier 

parbculariy laser beams, to provide a single color- frequencies that are amplitude modulated by the indi- 

modulated information carnng beam of high intensity 10 vidiial video color components in the signal. The prod- 

™2 8 liS&r d ?S nr p " a- UCt ° f frequencfand its corre- 

hSS&F c u • . 8 P° nd «8 optical wavelength is the same. Under these 

Virtually from the first showing of the practical conditions, each laser beam color component is individ- 
workabihty of the laser principle, investigators have ually intensity modulated, and also diffracted at differ- 
considered die use of this coherent, concentrated high 15 ent angles in response to each of the carrier frequencies, 
intensity light source as a means of carrying information but with one set of diffracted beams of each color being 
and generating visual displays, particularly color televi- collinear. 

sion pictures. The use of laser beams has significant Further in accordance with the invention, the acous- 
potential advantages, particularly for extremely large tooptical modulator, through use of interaction length 
delays, such as are now provided almost solely by the 20 and acoustic modulating frequencies, may ^vanta 
Eidophor process or by photographic projection tech- geously have an angle varying diffraction efficiency 
m T^* . . . .... characteristic that is interrelated with the video signal 

The generation of a color picture utilizing laser bandwidths. The collinear beams are diffracted with 
beams has heretofore usually been based upon the em- high efficiency while spurious beams are dfflXrf 2 
Ployment of three separate > beams corresponding to the 25 angles such that they subtract litfle from the useful 
different primary colors, three separate modulators, an energy. The modulator thus functions optically to pro- 
optical and scanning system for combining the beams at vide video signal bandpass filtering and spurious beam 
a single axis or three closely adjacent axes, and a com- component suppression. A high degree of resolution in 
bined beam projected over a considerable distance onto the display is retained by disposing sideband beams 
a viewing screen. The operative drawbacks of such 30 within diffraction angles having adequately high dif- 
systems, derived principally from their plural beam fraction efficiency. By proper interrelation of optical 
aspect, have essentially precluded general adoption of wavelengths, acoustic modulating frequencies and vari- 
laser-based visual displays. For example, multiple and ous bandwidth determining variables, cross-talk and 
complex optical elements and arrangements are difficult other mutual interference effects are kept at acceptably 
to align and maintain m ahgnment as well as being 35 low levels. It is shown that suitably chosen optical 
costly and cumbersome. The initial costs, and power wavelengths can provide color displays have pleasing 
losses attendant upon, the usage of separate lasers and chormaticity and color tonality, 
modulators have generally been prohibitive. In accordance with other aspects of the invention, a 

Although acoustooptical modulators are commer- single modulator system for a laser beam having mute- 
ly available that successfully amplitude modulate 40 pie color components is utilized to provide improved 
the intensity of a beam of a given wavelength, a number display efficiency through combination with processing 
of problems must be overcome in order to modulate circuits or scanning elements, or both. In one examnle 
more than one wavelength and obtain high optical effi- horizontal lines of a video signal are stored and alter- 
ciency with such an element The interaction within the nately inverted prior to laser beam modulation with 
modulator between the acoustic wave and the light 45 horizontal beam scanning being effected during succes- 
beam is complex, and a number of factors militate sive forward and reverse movements of a simple high 
agamst maximum light output transmission. Each mod- speed vibrating mirror drive mechanism such as a em- 
ulating signal acts differendy upon each incident wave- vanometer driven mirror, or a torsional tuning fork 
length, introducing different beam deflections as well as Non-linearities in scanning motion may be compensated 
modulation. Further, video signals are wideband signals 50 electronically or optically. In another example! a beam 
and it is well known that certain relatively minor signal deflector switch is disposed in the optical path, in con- 
distortions can introduce ^unacceptable picture degrade- junction with or subsequent to the modulator, and a pair 
toon. Moreover, a large TV display requires maximum of scanning mechanisms moving in a selected phase 
utilization of the energy in the transmitted beam, teas- relation alternate in providing successive horizontal 
much as illumination from the beam must be distributed 55 scans. 

over a wide area. Viewed in another way. the laser is a Improved system efficiencies may be obtained by 
relatively inefficient generator of light and any modula- modulation of laser power in accordance with varia- 
tion and scanning system that could generate a compa- tions in the video signals, together with feedback con- 
rable amount of display light utilizing a smaller laser trol of modulator excitation for high frequency comno- 
power source would be inherently advantageous. 60 nents for each different excitingsSnal 

Therefore, there has been a recognized but unfulfilled In yet another example of a system using a single 
need for a visual display system utilizing laser-generated modulator for multiple optical wavelengths, crosstalk 
light which permits multi-wavelength signals to be car- may be ntinimized by multiplexing the acoustic modu- 
ned by and modulated m a single laser beam lating frequencies in sequential fashion. 

SUMMARY OF THE INVENTION 65 BRIEF DESCRIPTION OF THE DRAWINGS 

Apparatus and methods in accordance with the in- FIG. 1 is a combined perspective and block diagram 
vention modulate the separate wavelengths of a multi- view of a system in accordance with the toventio^ 
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FIG. 2 is a combined plan view and block diagram wavelenothi •« Hir«.*»^ •. • 

representation of a portion of the system of FIG 1 ZnS^i • ? * ' mplngeS °" an acOUS " 
showing the modulator and beam relationships taf^I EEfiiTS ™* elemeat } 4 at a se,ected "gie, 35 
ther detail; ns ps m ,ur described below in greater detail. The beam path is 

FIG. 3 is a graphic representation of beam diver- 5 £t£ To" 8 * by a PP ro P ria te orientation of 

gence in the modulated beam arising froHdeband JS^JS*" *K SUCh 88 ,enseS 0r 

effects; waeoana mirrors (not shown). In one specific example, the modu- 

FIG. 4 is a graphical representation of modulated ISS™ "i^" a ^f )del , M ' 80x of predetermined speci- 
signal characteristics, Ul Jrating the mterreSn^ 2X^1^ ^ ^ Radi ° Re " 
between the sidebands and the acoustic carrier freauen- 10 8e " ch , Cor P-» Menlo Park, California, and having a 
cies; ^ " 10 center frequency of 80 MHz. This modulator 14 com- 

FIG. 5 is a combined perspective and block diagram PmB& m opticaU y transparent high index glass serving 
representation of a system in accordance with the in- ™ ^ a °oustooptical medium although it will be appre- 
vention utilizing line scan reversal; ciated that crystals or other media might also be em- 

FIG. 6 is a graphical representation of the scanning u P yed J 1 * , total Iength of element was six centime- 
motion of the scanning mirror in FIG. 5 illustrating the 7™' 80(1 jncluded four side mounted piezoelectric trans- 
usage of linear portions of the motion; ducers 16, 17, 18, 19 coupled in series and having a total 
FIG. 7 is a combined block diagram and simplified m teraction length of five centimeters. In accordance 
perspective representation of a beam alternator system . 1,16 f o llowi n8 discussion, different center frequen- 
in accordance with the invention; m 0168 and different interaction lengths may advanta- 

FIG. 8 is a block diagram representation of a system Seously be within various permissible ranges, 
in accordance with the invention for modulating laser . modulat °r element 14 has a variable periodic 

power concurrently with modulation of beam intensity 0 P tical index of refraction, which is controllable by 
by an acoustooptical element; and internally transmitted acoustic waves. The four trans- 

FIG. 9 is a block diagram of a multiplexing system 25 ducers or modulator drivers 16, 17, 18, 19, are disposed 
that may be utilized in conjunction with the system of tione one side of the modulator element 14 and are 
FIG. 1 coupled in series to a wideband driver amplifier 22. 

DETAIT Pn r»P<!<-BTPxrr>M nx, tot: Excitation signals are derived from a television signal 

DETAILED OT|CWPTION OF THE system 24, here depicted as a receiver although it Say 

uNvtiiN uuw jQ comprise a video tape system, a computer output, a 

A system is shown in FIG. 1 for producing a single television camera system, or any other source of video 
multi-wavelength modulated beam of laser-generated information. In the television signal system 24, signals 
light for use in color television and other video displays, derived at an antenna 26 are fed to conventional tuner 
thermograms, communications or other applications a > amplifier and detector stages 30 and synchronizing 
utilizing mformation-bearing light Because of the util- 35 signal circuits 32 for generation of the video, horizontal 
ity of the large scale video display, and because this is synchronizing and vertical synchronizing signals re- 
perhaps the most difficult context in which systems and spectively. The video signals are applied to a color 
methods in accordance with the invention may be uti- decoder 34, which separates the red, green and blue 
hzed, the examples will be concerned primarily with components and applies these to individual mixers for 
this context However, it will be appreciated that the 40 generating amplitude modulated signals in response to 
modulated information can contain digital and various carrier frequencies/,, /„ and / 3 respectively. An arapli- 
forms of analog data, as well as video information. tude modulator for the frequency /, is more specifically 

Reference should be made to both FIGS. 1 and 2, the shown in FIG. 2 and comprises the combination of The 
k tershowmgftmherdetailsofthemodulatordeviceof mixer 36 receiving the appropriate video component at 
fJZ'h ^ g . k8Cr beiUn radiation of at 45 one input and a carrier frequency, here designated /„ 

least two different wavelengths is generated by a laser from an oscillator 42 at another input. The cutouts from 

^Jh Ll £ television display system that is de- circuit 44, which is coupled to the wideband driver 
picted, the laser 10 generates three selected primary amplifier 22 used to excite the transducers 16 - 19 
S^h^SfSf^ nameIy 3 red opponent at a wave- 50 In the specific example of the invention being de- 
length of 6471 A , a green component at 5208 A', and a scribed, the frequencies are 70.0 MHz, 87 0 MHz and 
*Z£ S^nST? at4762a nd.4825 A'. A Spectra 94.5 MHz respectively. A video banSidth ofa^rS 
Physics model 165 ion laser employing Krypton is used mately 2.5 MHz was used for modulation, the sidebands 
for this purpose, it bang recognized that many types of thus being ± 2.5 MHz relative to the Sr freS 
lasers are avadable for such applications. The given 55 cies. For the laser employing a k™pton^rTon Sure 
color combmation has been found to provide generally the frequencies were 71^^89 3 «d^ MuKfe 
more vibrant colors and more pleasing flesh tones than respectively, although it is preferred t^e the oure 
thoseobtained with most of the phosphor combinations krypton gas laser because o S Z2? sepanttio^ ofthe 

sZ O^r^'? V ^ 0 K al t Cath< ? de ? y ^ tC,evi - ^eenandbluewavelengthcow^^ 

Oaer spectral distributions mvolving different 60 particular chromaticity balance is preferable I for Z 
wavelengths or different numbers of wavelengths may, video displays. preferable for some 

of course, be utilized in accordance with the invention. As will be evident to those skilled in th* ,rt ™a «. 
As another example, a Spectra Physics model 165 laser depicted in FI<T | ^ta £S£ It mteracSnTffect 

Jjsaa5:aass SkScSSSSS 
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ence of an acoustic pressure wave in such a variably Referring again to FIG. 1, the modulated beam passes 
refractive element, as follows: from the spatia i fflter ^ &e ^am scanning 

system for horizontal and vertical deflection, and on to 
e D - & (Equation l) a display 58 of the direct projection or rear projection 

5 type. In the beam scanning system, a high speed scan- 

where 0 o is the angle of diffraction, f is the acoustic 2? JtZ SSL* K" d f °- hoAa ^ 1 
MM j M rJ„ MM .... „ . " and a lower speed mirror or pnsm may be utilized for 
earner frequency X ,s the hght wavelength and v is the vertical deflection, as is known in the art. 
velocity of sound in the acoustic-optic material. The i. H„:^ u*. an i v j • . . 
angle of diffraction is independent of the amplitude of 10 S?^ J*"**"? P"**^ 
the pressure wave, but the intensity of the diffracted tlT^SZT aT" ^ a ^T*??* 
beam is amplitude dependent. The carrier frequenS t a diffracton divergence caused by the side- 
therefore th^rmiaryVn^^ fr^tnc^m^^ fn^H^r °^ ^ ^ 
ing the diffracting angle forTgiven light beam. The c ^ * 
impinging beam if disposed closeto the tide to whS t5 S^^SJ^SSTS^^T^ ^ 
the pressure transducers 16 - 19 are coupled in order to w t u f ° r Spunous 
achieve maximum interactive effect beams, but these are separated by the spatial filter 46. It 

In accordance with the invention, each of the three aTt^llZTl^^^T^ 0 

acoustic carrier frequencies is selected with respect to a the Sp , Unous beams ' because »** 

different one of thelight wavelengths tTdS'alo^ 20 Z7^ZT T.T^T ° f ^ Deb * e - 

sponding beam at the same predetermined angle ft, for 2T "S^"' m whlch d . lffrachon efficiency is substan- 

all wavelengths. From Equation 1, this rltioVis: S^^T" ^T" i ° here,,tly WOUld 

mean that there is loss of substantial energy in the mod- 

\/i = Vi - • • • V. Equation "I»tor. Workers in the art have nonetheless operated 

2 2j acousto-optical modulators either in the Debye-Sears 

region or in that part of the Bragg region in which 

where An = the wavelength of the nth component of diffraction efficiency does not change significantly with 
diffracted Hght angle of diffraction. Under such conditions there is not 

Referring specifically now to FIG. 2, observance of only substantial energy loss in the collinear beams and 
the acoustic frequency-light wavelength relationships ^ in the spurious beams but significant degradation in 
of Equation (2) causes individual red, green and blue display quality because of crosstalk between the coffln- 
wavelength beams from the modulator 14 to be collin- ear and spurious beams. For example, when the green 
ear along a principal axis, as indicated by small collinear component signal is of highest amplitude, the cross- 
arrows designated R, G and B. In addition, however, in modulation components due to the green signal are also 
accordance with Equation (1), the excitation pressure 3J at corresponding levels, and introduce maximum sub- 
wave at each carrier frequency also modulates the two tractive effect on the red and blue components. The 
other wavelength beams, creating two additional resul- variable nature of this crosstalk introduces generally 
tent and undesired beams at different diffraction angles. unacceptable changes in color tonality. 
These may be referred to as cross-modulation beams. In accordance with the invention, the acousto-optical 
The mne total beams in sets of three for this example are ^ modulator has a diffraction efficiency characteristic 
depicted! in somewhat idealized form in FIG. 2 and the that varies with the angle of diffraction in integrated 
diffracted beams that are off the principal axis represent fashion relative to the video signal bandwidths. Specifi- 
energy lost from the mam beam The variability of these cally, the variation in diffraction efficiency with angle is 
losses constitutes crosstalk. Such losses can be tolerated placed well above both the Debye-Sears region and the 
in some apphcanons, as where adequate laser output is 45 commonly unused portion of the Bragg region in which 
available or beam output is not critical. In large screen variation of efficiency with angle is not pronounced In 
video displays, however, it is generally not commer- effect the angle sensitivity is tailored to the video signal 
cially feasible to use an extremely high power laser, and bandwidths, and also takes into account a numbeTof 
maximum display intensity is of great importance. Fur- other factors, including optical wavelength separation 
ther, significant amounts of crosstalk can seldom be 50 and beam divergence 

tolerated in color display systems. From the prior discussion it is evident that the angle 

The spunous beams may be angularly separated from at which a given wavelength component is diffracted 
the principal colhnear beams by providing a sufficiently varies with both the acoustic modulating frequency and 
long optical path following the modulator element 14. the optical wavelengths. It is shown hereafter than an 
Alternatively or additionally, filter means, such as the 55 angle sensitive regime can be established within the 
spatial fflter 4« depicted in FIG. 1 and shown in greater modulator for video signals, in which regime diffraction 
detail m FIG. 2, may be utilized to eliminate the spuri- efficiency variations with the angle of diffraction pro- 
ous beams from die system. Referring to FIG. 2 specifi- vide both video signal bandpass filtering and spurious 
cany, die filter 46 comprises two achromatic convex component suppression. The major, collinear beams are 
lenses 48, 50, aligned and spaced so that the distance 60 diffracted with high efficiency, while spurious beams 
between them is the sum of their focal lengths, with resulting from cross-modulation components (e.g., the 
respectto light of the wavelengths of the principal product of the red video signal and green optical wave- 
beam. The spatial filter 46 also includes a mask 52 hav- length) are not within the high efficiency diffraction 
ing a pin hole or slit aperture 54 at the common focal band for any major beam. Thus, they neither subtract 
point of the two lenses 48, 50. Thus, the three collinear 65 substantially from the major beams nor cause other 
principal beams are transmitted through the mask aper- mutual interference effects. Optical beams generated by 
tare while spunous beams are deviated away from the sidebands of the main collinear beams are disposed 
principal beam and blocked by the mask 52. within a give diffraction angle such as they are dif- 
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SnlnlS funCti0n ' "*» htensit y ^inate plotted against fre- 

Because optical wavelength is a component in the CL^rf * t r0 " nded P eak va f? at ! on ™ 
determination of diffraction angle, such system vari- T ^ escendin « skirt portions oscillating in 

ables cannot be independenUychoseS wten op^S 5 3H£S5 f ^ 0n *°»* a level » the manner 

filtering effects are utilized in video display systems in J£ * ff ?? ,0n P* ttern - ^ maximum value is 
accordance with the invention. It is nonetheless shown ' ° btamed rt *■ P ro P er selected carrier frequency, 

to be feasible to provide systems using single laser , r SOme Clrcumstan ces other frequencies can be 
sources that concurrently have pleasing chromaticity P „ d at ^ diffraction P oints - The function is graphi- 
and color tonality, high efficiency and freedom from 10 . y " Ius trated in FIG. 4 with respect to the frequen- 
crosstalk. cies used in the present example. 

The acousto-optical modulator in systems according WhUe ^ Bra 88 angle is referred to as the angle 
to the invention is advantageously operated in a video between zero and first order diffracted beams, the con- 
signal related, angle sensitive mode deeply enough ditions of Equations 4, 5 and 6 dictate beam symmetry 
within the Bragg region to get separation by first insur- 15 relative to the acoustic waves for angle optimization. 
m 8 that: Because the input beams are collinear at a chosen angle 

that is equal to the angle of the collinear transmitted 
y3 (Equation 3) beams, the spurious beams are inherently off-angle. 

>> f\ An angle sensitive acousto-optical modulator func- 

20 tions effectively as a filter, transmitting at greatest inten- 
where L = interaction length sity at the optimum angle, thus diffracting beams of 

Where L is simply greater than the remainder of lower strengths in accordance with the 
Equation (3) the modulator is operated in the Bragg 
region. Where L is substantially greater (of the order of 

10) accompanying angle sensitivity has not been needed 25 ( sinre Y 

or been acceptable to most workers in the art The angle \ WJC J 

sensitivity is attained in considerable part by use of a 

long interaction length and high acoustic carrier fre- function for other angles. The sensitivity with respect to 
quency for given conditions. In addition the modulator _ angle of diffraction arises from phase interference ef- 
diffracts the chosen beams with very high efficiency, 30 fects similar to those arising when a light beam is di- 
which can approach 100% The optimum angles exist rected toward a diffraction grating. Because the inci- 

2l£ ta^^ bCtWeen thC fa0fcfcBt ^ dent bean * ™ ^"near, *« « « of exk bea^s c^n 

be made collinear, per Equation (1), then it may be seen 
35 that components of this collinear set are at maximum 
^ « $ B (Equation 4) intensity when the following relationship is observed: 

where 6 B is known as the Bragg angle. -^p = 4jp - ^~ = e B (Equation 7) 

Stated in another way, the diffracted angle is twice aq " ^ * 

the Bragg angle. Thus, relative to the internal modula- The 
tor beam path, and in a direction normal to the acoustic 
waves, the incident and collinear transmitted waves are 

symmetrical and each at the Bragg angle. It is demon- / , y 

strable that in this angle sensitive mode the relative 45 I J 

intensity (y) of the diffracted beam varies as: 



( SUH7JC Y 



characteristic, however, can seldom provide a sharply 
(Equation 5) defined passband, transmitting only the collinear beams 



with high intensity. Practical limits exist on the modula^ 
50 tor interaction length, partly because of modulator de- 
where x is proportional to the angle of deviation of the sign considerat ions, and partly because of the interde- 
operating angle from the Bragg angle, and more pre- pendence between modulator length, acoustic modula- 
cisely: tor frequencies, beam wavelength, and signal band- 

55 width. Higher carrier frequencies require shorter inter- 
im (f.-fl (Equation 6) action le ngth. As noted above, cross-modulation of 
* D W different beams by unintended frequencies (e.g. the 

green beam by the blue modulating signal) is inherently 
whereto is the correct acoustic frequency required to present. In addition, sideband beamlets exist adjacent 
satisfy the Bragg condition for a given wavelength X 60 ^ e coUi near (as well as spurious) beams, because of the 
and a particular angle of incidence, f is the actual acous- sideband components of the different color video sig- 
tic frequency being used. nals. 
The Systems in accordance with the invention, however, 

reduce beam intensity losses and crosstalk to low levels 
✓ . v 65 by employing a number of frequency and bandwidth 

[f^h J relationships to effect video bandpass filtering and spu- 

rious component suppression. The carrier frequencies 
are so interrelated to the other parameters and the 
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tion determined by the acceptable diffraction efficiency. 
Assuming crosstalk of no more than 5%, (jc = 0.8), and 
using 75% as a satisfactory value for the maximum 
diffraction efficiency this is achieved by a k x value of 
5 0.42. If acceptable diffraction efficiency can be reduced 
to approximately 70%, then constant k x has a value of 
about 0.52. Equation (9) demonstrates that the benefits 
f?L&\ = (Equation 8) 0 f bandwidth potential obtained by reduction of beam 

2HV* * diameter cannot be extended beyond the point at which 

10 diffraction efficiency falls below a selected level, 
where f c = the modulating carrier frequency for one The video bandwidth is limited, for acceptable values 
of the acoustic frequencies and AX represents the sepa- of crosstalk and diffraction efficiency, by the narrow- 
ration value between the closest adjacent optical wave- ness of the 
length pair. The term represents the lower of the two 
carrier frequencies for this worst case wavelength pair. 15 
Usually the most critical separation is between the blue 
and green components and the carrier frequency f c in 
Equation (8) will then refer to the green component. 
The value of* is of the order of unity and is selected for curve of Equation (5). A relationship comparable to 
low spurious beam intensity. Assuming an acceptably 20 Equation (9) is employed: 
low value (specifically 5%) of crosstalk, the value of x 

is at least 0.8. The value of x may be suitably adjusted fEouation lm 

for crosstalk levels, but for video systems a value of 0.6 ( 9 \ T^jT 

(approximately 25% crosstalk) will generally be mini- aikb*, j \| ^ 

mum acceptable value. The interaction length, frequen- 25 

ties and wavelengths may be mooted individually or In this instance, the bandwidth is limited such that the 
« BGt ™ T :£? n l T ^ hC ^°^« osstalk andsepara- deviation of ^ ddeband components from the opti- 
on. With the stated x value of 0.8 however, the cross mum operating frequency ^ less ^ a ^ 

spurious beams are substantiaUy suppressed and conse- T^tT "J^? by ? ^? v ^ ue 1 ofa63 » which places 
quently subtract little energy LI nSn colS J ££J ^ ^ * ^ (3 ° B) *** 

beams in a color video system. Observance of the rela- OI tne 

tionships of Equation (8) with values of jc of the order of 

unity inherently places the modulator in an angle sensi- 35 ✓ \a 

tive portion of the Bragg regime. f "g* J 

The angle sensitive modulator employed as a video 
bandpass filter in accordance with the invention is also _ 

subject to two other interdependent considerations fol- cu /y e : Because lt * generally desired to retain sidebands 
lowing from Equation (8). The incident beam has a 40 less than 3 DB loss, the selected value for x (and 
finite transverse dimension which is kept small enough consequently the crosstalk level) will generally deter- 
to have a suitably short transit time for the acoustic mme maximum bandwidth limit imposed by Equa- 
wave to pass across the beam in accordance with tion (10). 

known considerations. Light beams, even laser beams, Bv employment of an angle sensitive modulator sys- 
are not perfectly collimated, however, and diverge to 45 tern in accordance with the above considerations, appli- 
an extent inversely related to their cross-sectional di- can . t h* 8 for the first time employed a single acousto- 
mension. Waves divergent from the exact Bragg angle optical modulator with a multi-wavelength light beam 
are diffracted with lower efficiency because of modula- to provide modulated collinear beams with high output 
tor angle sensitivity. Similarly, the optimum operating efficiency and low crosstalk. Major collinear beams 
angle for a given carrier frequency is different from the 50 nave been diffracted with 75% efficiency, the sideband 
optimum angles for the sidebands of that frequency. It is beams being diffracted with more than 50% efficiency 
desireable, however, to preserve the sideband beamlets relative to the maximum (e.g. 37.5% where the maxi* 
to retain the high frequency components and preserve mum is 75%) and with crosstalk being below 5%. Con- 
display resolution. sequently, applicant has, in practical examples of sys- 
In accordance with the invention, the video band- 55 terns in accordance with the invention, provided large 
width is not permitted to exceed limits imposed by screen video displays having intensities not heretofore 
acceptable diffraction efficiency levels for a particular achieved for given light inputs, while preserving resolu- 
application. Given a predetermined modulator material tion and color tonality. For particular applications in 
with velocity v, refractive index n, and a critical wave- accordance with the invention diffraction efficiency can 
length separation AX then the maximum bandwidth is: 60 approach 100% and crosstalk can approach zero. 

Available modulator frequency characteristics deter- 

( N I (Equation 9) mine in significant part the frequencies that can be em- 

JL j J ployed for proper acoustic frequency-optical wave- 

/ length matching in accordance with Equation (1) and 

65 angle sensitivity in accordance with Equation (7). It can 
where \ is the wavelength of a particular color being be seen from FIG. 4 that with the frequencies given as 
modulated and A\ is the separation between it and the examples there is substantial overlap in the diffraction 
next shorter wavelength to be excluded and k x is a func- intensity curves for blue and green. With recently avail- 
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able high frequency modulators a greater frequency zontal scan arc corresponding to the substantiallv linear 
separation can be used. Thus m another practical exam- portion of the sinusoid, the vertica ^ mirrorTb ubs^an 
i?oSSiTrdS^ U MH M ^ T tially flat - but ta each outwSISonlrefrom it 

^^^^ ^JSSSSai 2 ?? 

able, which would permit shorter lengths to be em- 10 nmMH ffllE? ^ iKf? 
ployed, although certain difficulties are encountered in 3XS™w ' f^" 8110 b ue 

workmg at such frequencies. Higher carrier HSS? SS Sd I^STonlKS 
6 "VT"* t< ?, ang 6 ° f thcrebv lines " I"^much as tfa SSStKi, be X5ST 

genStr: s».t2sthm .^^S52W«« 

presents particular problems in horizontal scan because wiH^lv J^m!^f!: , 70, of the type 

of the horizontal scL repetition rate JfSft SSSdtfZS. ^3S5^,TJSS!S 

second. Usage ofanacousto^pt cal modulator for scan- 20 sienala and <.to^« a«1 I. u r j ^ p I 

ning is theoretically possible, but subject to ttaJS- Sfsca^ chS n^SJZ^- ° f 

lems and losses arising from differential diffraction of aTapStoaswiS wSKSS 

the various wavelengths and the generation of spurious which fS£»SSStoZ£ Iff \ 

beams mentioned above. High speed scanning mecha- revet *£ VS^SE? tTswS 

msms such as low inertia mirror systems driven by gal- 25 circuis 78 80 are Z™i,r u,»S, 7' » P 

Er:SS multifacetidV ^S^SSS^SSXS^ 

S ^ USC ff* anSln8 fr0m 1,16 op,ical 30 sha P m « cirouit 84 «My comprise a passive netS 

and servo precision needed to get adequate perfor- which changes the linear slope of the Eto nrS, 

r™ie^G f?£5? ° f 7T ^ ^ 1,1 « for minor nSeSties in *e S^SEL" 

™t£^ P °" ' ^P le "> d rebab,e scan^ng In the operation of the system of FIG 5 fterefore 

^ coapnang a muror 60 driven in a sinusoi- the single multi-wavelengih bem is 
dal motion by a torsional tuning fork 61 is arranged in a 35 through a single modultor 14 anda snatel filter 46 1, 

manner such that horizontal scanning of each line is nreviWiv A*iZiiu . a spatial litter 46, as 

effected without material loss of light W^e lor" ^S£^tSSSSS£ St <ST3* 

sional tuning fork 61 is a known device which rotates is resonant at J ttefieq tSSSSmSSS^ 

2h£*^ ^ !!• . -f° ^ L ° f a dnvmg nrcnit « *> in a sinusoidal motion to provide a horizontal^ are 
S TS r^r ,Vated , by . the h °?°. nta / r chronizm 8 whae *° vertical ntoKZSL^ 
s gnal. Other known electromechanical elements may scanning mirror 64 to provide the desired two cnmen 
alternatively be used. The sinusoidal motion of the mir- sional scan raster The currohue £Z VZltl^T 

slcnfr'el?^ ^ * T tions cf taSS, ^Sr 64^Sfor^ 

motion ™m ,S 7 el knOWn, bUt the " lativel y slow « lodty variations in the sinusoidal motion orSori^on- 
motion reversal and return movement dictate that this tal scan mirrnr at r™,™™ ' aonzon 

combintion can be used straightforwardly only S«S^co^erSS2«^S 
SSUSS^ST ^^^resolu- tively, taSSSlSSKto rfB 
S™,^™ 1 ? 1 y « fef many purposes, input by inverting the horizontal scan signals fal con 

even video displays, under these conditions. With most 50 trol the typical scan converter device T70 TtmFZ 
video displays, however, loss of a significant portion of shown in FIG «movZl.t» ^ .t ^ • 7T ' 35 
to^j^«o^.»d^dJS25? 2S ™e d^tir^ed^fo^sSn^ 

Tk»™ ( .» „fia^ ■ Tu "B ,us ^ urce - cause all three color components are similarly nro- 

The system of FIG. 5, however, is arranged in combi- 55 cessed, a simple and reUableLnnine mechSLn L 

S r^.?, d i sturbmg nonhneanties or reduction minor non-linearities may be used, as indicated but tyZ 

of light output efficiency. The non-linear horizontal cally need not be employed. mGlcatea W>i- 

sweep introduced by the horizontal scanning mirror 60 60 It will be evident to those skilled in th«. tw m ,„„ 

JL^aTf and h converted ;° a ^tantially other scan SS^SSSl USSSSS 

^^^^JZ.t^^ri VertiCaI Signal 8ha P fa * for need 2? be mSSSTS 

scan mirror 64. The vertica^ mirror 64 functions as a may be effected by optical means Alternative! TtZ 
cylmdncal asphenc optical element, diverging the hori- sweep cicuits theZdv^y^tea^SS Tj^tt 
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digital TV type of system including a semiconductor or Inasmuch as the collinear beam need only be dis- 
other digital memory for storing successive lines, and placed through a relatively small angle, the use of an 
reading these out in alternating forward and reverse electromechanical element of sufficiently high fre- 
scans, with appropriate adjustment of scanning rates qutacy characteristics is feasible. The reflective ele- 

^^i^ m ^7r 8fc * tt0 ^ ltW ^ bereC ?| n ?f d 5 m «<^ P~vides acliromatic operation at high effi- 

that the honzontel line scan signal may be provided by dency. Taking advantage of these factors, the two-state 

employ^apoauontransd^ beam deflector may Emprise a piezodSc Sice 

sense the instantaneous position of the scanning mirror coupled to or having a nihror sX1^?mldeS 

a * * • , . ^ , . m adequate amount of mechanical deformation in re- 

v^^r' ma ^ ement m ^ r .^f™th *? "> sponseio applied energizing signals S l^rbeani 
vention for scanning successive horizontal lines with a ;„HrW rt „ «<^f\™? / ~7. : . L 
single collinear multi-chrominant beam may utilize a °? mm ? r be displaced by a 
^position beam defleSShS X£££ SLA 1^ ^^°™*^ *" 
FIG. 7. In FIG. 7 the beam deflector switch 90 com- ?^ lectnc dement 18 m wave fash * 
prises a combination of a Pockels cells 92 and a calcite 15 ^ Rwittnn ftf mr « . . . _ „ . . 4 . 
prism 94 disposed in series along the beam path subse- t J^*^ ° f ^ 8 dep C * f «pect of modulation 
quent to the modulator 14'. As is well known, the Pock- f*^ 1 "* » accordance with the mvenUon for achiev- 
ed cell 92 and calcite prism 94 combination forms a mg , gh ?* Ut " relatl0n to the P° wer m P ut 
digital polarization beam deflector. In response to an ? * . 10 ' , ™ f^P 1 ^ ^ miilti^hrominant laser 
electrical signal, the Pockels cell 92 causes a 90° rota- 20 , * m °T m a 810816 modulator b V color *ig- 
tion of an incident polarized wave, and the calcite prism , ap ?i . * transducers 16 - 19 from a summing 
94 deflects the incident wave approximately 6°. Any of circuit 44 via driver amplifier circuits 22 as previously 
a number of polarization rotators and polarizing prisms des ^f lbe(L However ' the laser 10 is not fully energized 
may be used and different angles between the ordinary ? tun ?' J n8tead laser P° wer » varied in accor- 
and extraordinary rays may also be used. With the 25 Wlth avera « e power required, consistent with 
Pockels cells 92 energized during alternate horizontal ~ ^P 0 ™* characteristics of the laser. To this end, the 
line scans of a bistable circuit 96 responsive to the hori- 00 . hmiinance signal is applied as a control signal to a 
zontal synchronizing pulses, the beam from the beam variable power amplifier 116 driving the laser 10. 
deflector switch 90 shifts successive line scans between Because of the finite response time of the laser 10 
upper and lower mirror 96, 97 respectively, each sepa- 30 subsequent to changes in the excitation signal, delay 
rately driven by a different vibrating mirror mechanism circuits 118 are employed in circuit paths coupling the 
98, 99 under control of the horizontal sweep signals. demodulated video signals to the modulator driver sys- 
The mirrors 96, 97 are in synchronism with the line tem - The delayed video signals provide reference sig- 
repetition rate, cycling t one-half the line rate, as does nals at comparison circuits 120, 121 and 122, which may 
the beam switching system. The scanning beams are 35 De conventional operational amplifiers used in a differ- 
directed back to near coincidence by slight tilting of the amplifier mode. Actual beam intensity in each of 
axes of the mirrors 96, 97, such that the beams after the tnree colors is sensed by sampling the output beam 
scanning by the vertical scanning mechanism 105 are from the modulator 14 by deflecting a small proportion 
displayed in proper display position on the screen. off an angled beam splitter 125 in the light path (such as 
Thereafter, the horizontal scan lines are directed by the 40 3X1 optical element having a slight angular deviation 
vertical scan mechanism 105 into the two-axis television fr° m the Brewster angle). The deflected sample is ex- 
display, panded into a convergent beam by a lens 127 to pass 

With the beam deflector switch 90 directing the mul- through each of a set of three different color filters 130, 

ti-chrominant beam alternatively against the opposed- 13 ** 132 for red, green and blue respectively, in corre- 

phase deflecting mirrors 96, 97, each horizontal scan 45 spondence to the incident wavelengths of the laser 10. 

line is displayed so that full resolution and beam inten- The instantaneous amplitude of each color component 

sity are maintained. The vibrating rnirror mechanisms is sensed by a different photosensitive cell 134, 135 or 

98, 99 thus have a full horizontal line plus blanking 136 respectively, and the resultant signals, after amplifi- 

interval to return to the start of the scan position. cation in different pre-amplifiers 139, 140, 141, respec- 

Alternatively, the two-state beam deflection may be 50 tively, are applied as beam sample signals to the appro- 
effected by other electronic or electromechanical tech- pnate comparison circuits 120, 121, 122 respectively, 
niques. For example, the beam deflector may comprise Thus, each comparison circuit compares the desired 
an acousto-optical modulator of the type previously beam intensity for a given color to the actual beam 
described in conjunction with FIGS. 1-4, but with an intensity, and generates a correction signal that is ap- 
additional transducer 91 positioned on the modulator 55 plied to the appropriate modulator 36, 37 or 38 to servo 
element 14' in a direction to generate pressure waves beam intensity for the color to the desired level. The 
orthogonal to the angle of diffraction of the collinear signals are then combined in the summing circuit 44 and 
beams. The orthogonal energizing signal can vary in the transducers 16 - 19 are driven as previously de- 
square wave fashion but again, the modulation frequen- scribed. 

ties must be selected not only to provide the proper 60 In this system, therefore, variations in average power 

diffraction angle but also maintain collinearity for the required are accomplished by modulating laser 10 

different wavelength components. The acousto-optical power input at the variable power amplifier 116. Be- 

modulator for controlling beam deflection may be ei- cause of the relatively low efficiency of the laser in 

ther the primary modulator 14 or a second modulator generating light, substantial savings are effected by not 

appropriately disposed along the beam path. Both the 65 nnming the laser at peak power except as needed. High 

modulator 14' and the Pockels cell-calcite prism combi- frequency variations in each color component are intro- 

nation may be used simultaneously to obtain greater duced by the modulator 14, which effectively subtracts 

beam switching angles if needed light energy in the amount needed for each component 



i 

! 
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As previously indicated, crosstalk can be an impor- 
tant consideration in a multi-wavelength system using a 
single modulator. Where it suffices to provide collinear 
output beams without maximizing display intensity, the 
multiplexing arrangement of FIG. 9 may be utilized In 5 
this system, units performing substantially the same 
functions as in the system of FIG. 1 are similarly num- 
bered and designated. The system functions in a fashion 
comparable to a dot sequential type of television sys- 
tem. A staircase signal generator 150 generates three 10 
successive voltage levels in repetitive fashion under 
control of a clock signal which is at an appropriately 
high sampling rate relative to the video signals. The 
staircase signal controls a voltage controlled oscillator 
151 to provide a repetitive sequence of carrier frequen- 15 
cies/J, / 2> and/ 3 . Each carrier frequency is gated to be 
applied to the proper mixer 36, 37, 38 by a gate circuit 
153, 154, 155, under control of a sequential keying cir- 
cuit 157 also responsive to the clock. 

In the system of FIG. 9, however, it is evident that 20 
only the energized mixer 36, 37 or 38 at a particular time 
causes the corresponding optical wavelength to be dif- 
fracted long the main optical axis. The unwanted spuri- 
ous beams are diffracted at other angles and spatially 
filtered or otherwise optically separated from the sys- 25 
tern. The energy contained in the unused beams at any 
instant, roughly 2/3 of the incident energy, is not uti- 
lized but such losses are accepable in many graphical 
arts, communications and other systems. 

While there have been described above and shown in 30 
the drawings various systems and methods in accor- 
dance with the invention, it will be appreciated that the 
invention is not limited thereto but encompasses all 
variations and modifications within the scope of the 
appended claims. * 35 

I claim: 

1. The method of modulating a multi-wavelength 
laser beam in an acousto-optical modulator element to 
provide relatively high light output efficiency compris- 
ing the steps of: 40 
exciting the modulator element with amplitude mod- 
ulated frequencies/,. . . f n for each wavelength \ v 
..\„ such that 



16 



directing a multi-wavelength beam at an angle 0 B 

relative to the modulator, and 
exciting the modulator in an angle sensitive mode 
with different acoustic frequencies such that collin- 
ear beams of the different wavelengths are dif- 
fracted at an angle 20 B with respect to the undif- 
fracted beam, and with in excess of 75% efficiency, 
with sideband beamlets being diffracted with in 
excess of 50% of the maximum efficiency, the fre- 
quencies being sufficiently separated and the mod- 
ulator interaction length being sufficiently long to 
provide diffracted beams of intensity of the order 
of 5% or less from cross-modulation components, 
the angle 0 B being the Bragg angle. 
3. The method of using a single acousto-optical mod- 
ulator to provide a multi-wavelength light beam whose 
individual wavelength components are modulated, 
comprising the steps of: 
directing a multi-wavelength beam at an angle 6 B 

relative to the modulator, and 
exciting the modulator in an angle sensitive mode 
with different acoustic frequencies such that collin- 
ear beams of the different wavelengths are trans- 
mitted at an angle 29 B with respect to the undif- 
fracted beam, the frequencies being sufficiently 
separated to provide diffracted beams of substan- 
tially lower intensity from cross-modulation com- 
ponents, the angle $ B being the Bragg angle, 
wherein the acoustic frequencies and modulator 
interaction length are selected such that in all cases: 



45 



to provide collinear beams for each wavelength compo- 
nent and spurious cross product beams, each beam hav- 
ing sideband beamlets, and 
maintaining optimum diffraction efficiency for the 50 

collinear beams by maintaining the beam angles 

such that 



2/iv 1 



> x 



where f c is the lower modulating acoustic carrier 

frequency of any pair of frequencies 
n is the index of refraction of the modulator 
L is the interaction length of the modulator 
v is the velocity of sound in the modulator 
A\ is the separation value between adjacent optical 

wavelength pairs 
x is a parameter of the order of unity, and wherein the 

relative intensity, y, of the most intense spurious 

beam is 



2» 2v = ^ 



55 



where v is the velocity of light in the modulator element 
and fl^is the Bragg angle, while concurrently optically 
bandpass filtering the video bandwidths within the 
modulator element by diffracting the cross product 60 
beams (i.e.,/, Xj) with low diffraction efficiencies such 
that they are substantially suppressed to of the order of 
5% or less and the suppressed energy appears in the 
collinear beams. 

2. The method of using a single acousto-optical mod- 65 
ulator to provide a multi-wavelength light beam whose 
individual wavelength components are modulated, 
comprising the steps of: 



4. The method as set forth in claim 3 above, including 
the step of diffracting sideband beamlets of the collinear 
beams resulting from highest frequency sidebands in the 
modulating frequencies at angles in which diffraction 
efficiency of the modulator is in excess of about 50% of 
the maximum diffraction efficiency. 

5. The method as set forth in claim 4 above, including 
in addition the step of spatial filtering of the collinear 
beams and sideband beamlets therefor from the cross- 
modulation component beams. 

6. The method as set forth in claim 5 above, wherein 
the bandwidth of the modulating frequencies is limited 
relative to the beam divergence to maintain the beam 
diffraction efficiency in excess of about 75%. 

7. The method of modulating a multi-wavelength 
light beam with individual video signals in a single 
acousto-optical modulator comprising the steps of: 
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exciting the modulator with pressure waves at differ- 
ent amplitude modulated frequencies responsive to 
the individual video signals such that a set of collin- 
ear modulated beams of the different wavelengths 
is diffracted by the modulator, and 5 

diffracting the collinear beams with relatively high 
diffraction efficiencies while optically bandpass 
filtering the video bandwidths by diffracting cross- 
modulation product beams with relatively low 
diffraction efficiencies to suppress cross-modula- 10 
tion component beams, and 

separating the optical wavelengths relative to the 
video bandwidths such that the collinear beams 
and sideband beamlets therefor are diffracted with 
relatively high diffraction efficiencies and the 15 
video bandwidths do not overlap. 

8. A modulator system for a multi-wavelength laser 
beam comprising: 

a single modulator element disposed in the path of the 
laser beam and including transducer means dis- 20 
posed along a side thereof; the angle between beam 
incidence and the normal to excitation waves in the 
modulator being 



18 



L is the interaction length along the modulator ele- 
ment; 

A\ is the worst case separation between the different 
wavelengths 

&iis selected relative to the desired modulator diffrac- 
tion efficiency and allowable crosstalk; 

where x is a parameter proportional to the deviation 
from the Bragg angle and selected to give a low 
acceptable beam intensity in accordance with 



25 



for each wavelength component, where X„is the wave- 
length of the n A light component, f n is the carrier fre- 30 
quency of the n A modulating signal for the transducer 
means, v is the velocity of light in the modulator ele- 
ment, and B B is the Bragg angle, and 
modulator excitation means coupled to said trans- 
ducer means and responsive to n applied color 35 
signals, said excitation means including means for 
generating amplitude modulated driver signals at 
frequencies/,, f 2 . . . /„ the wavelengths in the laser 
beam being separated relative to the color signal 
bandwidths and the modulator geometry being 40 
selected such that the modulated wavelength com- 
ponents and sideband beamlets therefor are dif- 
fracted with relatively high diffraction efficiencies 
while the cross-product modulation beams are dif- 
fracted with relatively low diffraction efficiencies 45 
and the bandwidths do not overlap. 
9. The invention as set forth in claim 8 above, 
wherein 



2n* 



and 



Maximum Bandwidth - *, 1ZT 



and 



50 



55 



60 



where y is the relative intensity of the spurious beam. 

10. The invention as set forth in claim 9 above, 
wherein k x is approximately 0.42, and diffraction effi- 
ciency is approximately 75%. 

11. A modulator system for a multi-wavelength laser 
beam comprising: 

a single modulator element disposed in the path of the 
laser beam and including transducer means dis- 
posed along a side thereof; the angle between beam 
incidence and the normal to excitation waves in the 
modulator being 

for each wavelength component, where X n is the wave- 
length of the n A light component, f„ is the carrier fre- 
quency of the modulating signal for the transducer 
means, v is the velocity of light in the modulator ele- 
ment, and B B is the Bragg angle, and 
modulator excitation means coupled to said trans- 
ducer means and responsive to n applied color 
signals, said excitation means including means for 
generating amplitude modulated driver signals at 
frequencies /,, fi*..f m wherein the beam impinges 
on the modulator element close to the side along 
which said transducer means are disposed, and 
closer to said side than the opposite side, and 
wherein the angle of incidence relative to said side 
is** 

12. A system for individually modulating individual 
discrete wavelength components in a multi-wavelength 
light beam in response to video signals comprising: 

an acousto-optical modulator adapted to operate in 
an angle sensitive mode and positioned to receive 
the incident beam at an angle 

transducer means coupled to the modulator for vary- 
ing the index of refraction thereof in response to 
modulating signals; 

and a number of energizing circuits each responsive 
to a different one of the video signals and coupled 
to the transducer means for generating modulating 
signals at different earner frequencies, such that 
the incident beam is diffracted with first order 
beams being collinear at an angle 26 & where 



Maximum Bandwidth 5 0.63 



0>f¥ 



where, 

n is the index of refraction of the modulator element; 
v is the velocity of light in the modulator element; 



K/n 
V 



65 for each wavelength component \ tt , 0 B being the Bragg 
angle, f n being the n th modulating carrier frequency and 
v being the velocity of sound in the modulator, and 
wherein the modulator interaction length is arranged in 
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comparison to the other operating parameters such that 
the collinear beams are diffracted with substantially 
higher efficiencies than all beams diffracted at other 
angles such that energy in such other beams is sup- 
pressed and made available in the collinear beams. 5 

13. The invention as set forth in claim 12 above, 
wherein the angles of the incident beam and the collin- 
ear diffracted beams are substantially symmetrical. 

14. The invention as set forth in claim 13 above, 
wherein ' 



20 



ciencies in comparison to beams diffracted at other 
angles and the video bandwidths do not overlap. 
19. A system as set out in claim 18 above, wherein the 

included angle between incident beams and collinear 

output beams is in accordance with 



v 



where 15 
L is the interaction length along the modulator ele- 
ment; 

v is the velocity of sound in the modulator element; 
and 

f is the acoustic carrier frequency 20 
X is the optical wavelength. 

15. The invention as set forth in claim 14 above where 
the carrier frequencies are such that the effect of a given 
modulating frequency on a given unintended light 
wavelength diffracts a spurious beam with low diffrac- 25 
tion efficiency. 

16. The invention as set forth in claim 15 above where 
the maximum bandwidths of the modulating signals are 
selected relative to the angle sensitivity of the acousto- 
optical modulator such that the sidebands of the modu- 30 
lating signal diffract sideband beamlets with efficiency 
in excess of approximately 50% of maximum. 

17. The invention as set forth in claim 16 above, 
wherein the bandwidths are limi ted by 

35 



B.W. 



and wherein the bandwidth approximates a value deter- 40 
mined by the constant k, and is no greater than a value 
determined by 



B.W. = 0.63(^)\|liF 



45 



18. A system for providing a single multi-wavelength 
modulated light beam from an incident multi- 
wavelength beam comprising: 50 
an acousto-optical modulator including transducer 
means coupled thereto, and disposed to receive the 
incident beam at a selected angle, the modulator 
having a diffraction efficiency varying substan- 
tially relative to incident beam angle and having 55 
maximum efficiency at the selected angle, and 
single generating means, including means for provid- 
ing video modulating signals at different carrier 
frequencies, coupled to said modulator and excit- 
ing the transducer means thereof, said carrier fre- 60 
quencies being selected such that the different 
wavelength component beams are diffracted at an 
angle symmetrical with the incident beam, the light 
wavelengths being separated relative to the video 
bandwidths and the modulator geometry being 65 
selected such that the diffracted beams at the sym- 
metrical angle and the sideband beamlets therefor 
are diffracted with relatively high diffraction effi- 



where 6 B i$ the Bragg angle 
X„ is the optical wavelength of a given component /„ 
is the acoustic carrier frequency for a given com- 
ponent v is the velocity of sound in the modulator. 
20. A system for modulating a multi-wavelength light 
beam with a single acousto-optical modulator to pro- 
vide collinear output beams of different wavelengths 
and with relatively high diffraction efficiency, compris- 
ing: 

acousto-optical modulator means, including trans- 
ducer means and a number of carrier signal excita- 
tion means therefor, disposed in the light beam 
path, the interaction length of the transducer means 
and the frequencies of the carrier signals being 
selected to provide a variation of diffraction effi- 
ciency in relation to variation of acoustic carrier 
frequency in the modulator means, such that the 
modulator means operates in an angle sensitive 
regime of the Bragg region, the frequencies of the 
carrier signals being selected relative to the optical 
wavelengths to provide a set of collinear output 
beams of different wavelengths at a high diffraction 
efficiency, and 
a number of mixer means responsive to modulating 
signals and coupling each of said carrier signal 
excitation means to said transducer means, wherein 
the optical wavelengths are sufficiently separated 
relative to the angle sensitivity of the modulator 
means to provide cross-modulation component 
beams at low diffraction efficiency, and wherein 
the bandwidths of the modulating signals are se- 
lected such that sideband beam components of the 
collinear output beams are at relatively high dif- 
fraction efficiency. 
21. A system for generating a color TV display using 
a single multi-wavelength laser beam of finite size and 
divergence and having at least red, green and blue 
wavelength components comprising: 
single laser means generating a single multi- 
wavelength beam having at least red, green and 
blue wavelength components; 
a single acousto-optical modulator element disposed 
in the beam path and selected with respect to inter- 
action length and operating frequency to operate 
with diffraction sensitivity dependent upon beam 
angles, the beam being incident upon the modula- 
tor at the Bragg angle; 
transducer means coupled to said modulator element 
for generating acoustic waves therein in response 
to excitation signals; and 
signal generating means responsive to color TV sig- 
nals and coupled to excite said transducer means 
with acoustic signals responsive to the red, green 
and blue video components, the acoustic signals 
being selected to diffract collinear beams of red, 
green and blue wavelengths at the Bragg angle, 
and to diffract cross-modulation beams within low 
diffraction efficiency regions of the modulator 
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element, such that the modulator element optically 
filters the cross-modulation beams and suppresses 
cross-talk effects by diffracting the collinear beams 
with substantially higher efficiencies than the 
cross-modulation beams. 
22. The invention as set forth in claim 21 above, 
wherein said signal generating means comprises means 
providing a different amplitude modulated carrier sig- 
nal for each wavelength component and where the 
diffraction of the collinear beams relative to the incident 
beam is determined by 
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where \n and fix are the optical wavelength and acous- 
tic carrier frequency for a given color, and v is the 
acoustic velocity in the modulator element. 
23. The invention as set forth in claim 22 above, 



15 



power amplifier means responsive to the sum of the 
color signals and coupled to energize said laser. 

28. The invention as set forth in claim 27 above, 
wherein said system further includes signal delay means 
responsive to the color signals and coupled to said com- 
parison means to provide delayed color signals thereto. 

29. The method of individually modulating the differ- 
ent wavelength components of a multi-wavelength light 
beam comprising the steps of: 

acousto-optically modulating the light beam with 
different frequency components to provide collin- 
ear beams of the different wavelengths at a given 
diffraction angle, and 

sequentially keying the different frequency compo- 
nents such that the different wavelength beams are 
provided in multiplex fashion at the given angle. 

30. The method as set forth in claim 29 above, 
wherein the light beam is modulated to provide a color 
video display in response to different color video sig- 
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which said transducer means are disposed and end faces 
normal thereto, upon one of which the laser beam is 
incident, wherein the beam traverses the modulator 
element closely adjacent said transducer means and 
closer thereto than the opposite side of the modulator 25 
element, and wherein the system further comprises 
spatial filter means disposed in the path of the collinear 
beams and transmitting sideband beamlets while reject- 
ing crossmodulation component beams. 

24. The invention as set forth in claim 21 above, 30 
wherein said modulator element has the relationship: 
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where 

L = modulation interaction length; 

f = acoustic carrier frequency; 

v = velocity of sound in the modulator element 40 

X = optical wavelength. 

25. The invention as set forth in claim 21 above, 
wherein the optical wavelengths are approximately 
6471 A°, 5208 A° and 4793 A° respectively. 

26. A system for providing a multi-wavelength modu- 45 
lated laser beam in accordance with color signals com- 
prising: 

a laser providing a multi-wavelength beam; 
laser energizing means responsive to the intensity of 



ing each video signal with a different carrier frequency 
signal, and the step of sequentially keying comprises 
repetitively multiplexing the carrier signals at a selected 
frequency. 

31. A system for providing a color video display from 
a multi-wavelength light beam in response to at least 
two video signals, comprising: 

an acousto-optical modulator disposed in the light 
beam path; 

transducer means coupled to said modulator, for gen- 
erating acoustic frequencies in said modulator; 

excitation means coupled to said transducer means, 
said excitation means including means generating 
different carrier signals for each light wavelength, 
and different mixer means for each wavelength, 
each mixer means being responsive to a different 
carrier signal and video signal pair, the carrier 
signal frequencies being selected relative to the 
light wavelengths and the mixer means each pro- 
viding a different modulating signal such that a set 
of collinear beams of the different wavelengths is 
diffracted at a selected diffraction angle; 

and means coupled to said excitation means for time 
multiplexing and controlling said transducer means 
sequentially the different modulating signals ap- 
plied to said transducer means. 

32. The invention as set forth in claim 31 above, 
wherein the light beam has red, green and blue wave- 
length components, and wherein said means for multi- 



the color signals; 50 plexing comprises means sequentially applying each of 

modulator means disposed in the path of the laser the carrier signals to a dtfferent inker mean! aTa Z 

beam » fl lected clock rate, 

modulator control means coupled to the modulator 33. The method of modulating the different wave- 
means to modulate the intensity of each of the lengths of a multi-wavelength light beam with a single 
wavelength components m the laser beam in re- 55 modulator element to provide a single multi- 
sponse to applied signals; wavelength beam with high diffraction efficiency but 

beam intensity sensing means disposed in the path of having low spurious beam losses and low crosstalk 
the laser beam subsequent to the modulator, and comprising the steps of: 

generating sampling signals representative of the operating the modulator element within a portion of 
actual intensity of each different wavelength com- 60 the Bragg region having high diffraction efficiency 



ponent, and 

comparision means responsive to the color signals 
and the sampling signals and coupled to the modu- 
lator control means for generating correction sig- 
nals for controlling the modulation of each wave- 65 
length component 

27. The invention as set forth in claim 26 above, 
wherein the laser energizing means comprises variable 



within a selected limited range of diffraction an- 
gles; 

diffracting individual beams of the different wave- 
lengths coUinearly within the selected range of 
angles by different acoustic frequencies; and 

substantially suppressing beams other than said indi- 
vidual collinear beams by diffracting said other 
beams with low diffraction efficiency and wherein 



03/21/2004, EAST version: 1.4.1 



23 



4,084,182 



the acoustic frequency and the modulator interac- 
tion length are selected such that: 
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where f e is the lower modulating acoustic carrier 

frequency of any pair of frequencies; 
n is the index of refraction of the modulator; 
L is the interaction length of the modulator; 
v is the velocity of sound in the modulator, 
AX is the separation value between adjacent optical 

wavelength pairs; and 
x is a parameter of the order of unity. j 5 

34. The method as set forth in claim 33 above, 
wherein the maximum diffraction efficiency in the se- 
lected range of angles is in excess of 75%. 

35. The method as set forth in claim 33 above, 
wherein the relative intensity, y, of the diffracted beam 20 
varies as 
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and wherein x is greater than approximately 0.6. 

36. A system for generating collinear modulated light 
beams of different wavelengths from an input multi- 
wavelength beam comprising: 
an acousto-optical modulator element, including cou- 
pled transducer means, disposed in the input beam 
path, and 

electrical signal means coupled to said transducer 
means for energizing said transducer means with 
acoustic carrier frequencies, the velocity of sound 
in said modulator element, interaction length of the 
transducer means and acoustic carrier frequencies 
being selected to diffract the different wavelengths 
into selected collinear beams at an angle with high 
diffraction efficiency and other spurious beams at 
angles with low diffraction efficiency such that the 
modulator element optically filters the selected 
beams from the spurious beams and suppresses 
crosstalk arising from modulation of the spurious 
beams. 

37. The invention as set forth in claim 36 above, 
wherein the selected beams are diffracted with diffrac- 
tion efficiency in excess of approximately 75% while 
maintaining spurious beam intensity at values less than 
5%. 
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